INTRODUCTION
The composition of ultra-high energy cosmic rays (UHECRs), especially above 4 × 10 19 eV, is still unknown. Determination of the type of the primary cosmic ray (CR) particles is a clue for understanding the origin and mechanism(s) of their production. The distance of the source relative to the Earth cannot be much more than a few tens of Mpc due to GZK cut off (Greisen 1966 ) (i.e. the energy loss of particles during their travel and interaction with universal background radiation). Owing to the observation of CRs with energies exceeding GZK cut off (E GZK ∼ 4 × 10 19 eV), it is proposed that the CRs excess can be due to two astrophysical origins based on two different approaches. One is the top-down scenario which is a no-acceleration approach (i.e. decay of certain sufficiently massive particles), and the other is the bottom-up scenario which is the more conventional acceleration approach (i.e. acceleration due to diffusive shock processes). The two scenarios predict different photon fractions in UHECR and we simulated this fraction via the two corresponding models. Qualitatively, the fraction prediction of primary photons varies from 10% to 50% for the topdown model and is about 0.1% for the bottom-up model. (For more details on the models and their expected primary photons see Bhattacharjee and Sigl 2000) . There are contradictory results on primary photon fractions and their astrophysical origins at highest energies from an experimental point of view. For example, the AGASA group claimed high fraction of primary photons supporting the top-down scenario (Risse et al. 2005 ) but the Auger observatory group disagrees with this claim. (Healy 2007) . Revealing the true composition of the primary CR spectrum, and especially its photon fraction, is essential for distinguishing between the two models. Investigation of the muon component of EAS, which is a sensitive and main parameter of the mass composition (MC) of EAS, is also desired to study the above subject. In this paper, the high quality data of Yakutsk (Efimov et al. 1988) , Haverah Park (University of Leeds 1980) and Volcano Ranch (University of New Mexico 1980) EAS arrays are used. The zenith angle distribution, age parameter and also N e -E p relation are used as important parameters to determine MC of CRs at highest energies.
OBSERVABLES FOR MASS DISCRIMINATION

The age parameter
Our intention is to explore the EAS properties which bear information of MC in the primary energy range (i.e. above 10 19 eV). In this paper, the universal data including the EAS array data of Yakutsk (at sea level) and Volcano Ranch (at height 1700 meters relative to the sea level) are used. These data consist of a set of electron densities, Δ e , their core distance r, the primary energy E p , and zenith angle θ, for each array. The age parameter is the first quantity considered to be sensitive to the primary MC. It is described by electromagnetic cascade theory (Nishimora 1958) as the stage of shower development in the atmosphere whose value increases with its development. This theory predicts that the shower age would decrease with increasing energy E, but if the MC of particles initiating the shower changes (e.g. proton to iron), the age parameter would increase with increasing energy.
The increment of age parameter with MC has been pointed out already by other researchers. For example, its increment was specified by Ivanov et al. (2011) . We have also demonstrated this increment by calculating the variation of β (Delta Beta) and then by its drawing as a function of shower age s by using the data from Ivanov et al. (2011), which are deduced from Fig. 1 (β is the slope parameter of lateral distribution function (LDF) of electrons) Since iron has a wider LDF of electrons than proton, so it relatively has a longer age.
The LDF of electrons of Nishimura-KamataGreisen (NKG) is used to determine the age of each shower as follows:
where ρ e (r) is the electron density at the core distance r (in r 0 unit), N e is the shower size, and:
where s is the shower age, c(s) is a function of s, and r 0 is the Moliere unit.
Fig. 1. The slope variation of LDF of electrons as a function of age parameter for different mass composition calculated from the data of Ivanov et al. (2011).
The given parameters of EAS data which are used in Eq. (1) are electron densities, core distance and Moliere unit. Eq. (1) is then minimized to obtain N e and s. This is done for every shower data of the two arrays. 
The relation between the shower size (N e ) and the primary energy (E p )
Here, we obtain the dependence of N e on E p based on zenith angle for two ranges: lower and higher than 35
• . In both ranges there is a change in the vicinity of 4 × 10
19 eV, what confirms the shower age or MC change at this energy. The shower size at a fixed E p for θ > 35
• is smaller than that for θ < 35
• , which is due to a longer path and more attenuation in the atmosphere. Variation of MC to heavier masses (e.g. proton to iron) results in a much smaller energy contribution for every proton produced by primary heavy masses. So, these protons develop lower in the atmosphere and get more attenuated. Therefore, a lower N e is detected for 4 × 10 19 eV at detector array level (as shown in Fig.  3 ) with much sharper increase of N e in terms of energy (as shown in Fig. 3 , Table (1a) and Table (1b)) . These results are calculated for Haverah Park and Yakutsk arrays at about the sea level, and also for Volcano Ranch array at 1700 m altitude. The results from all three arrays show the same effect on N e indicating the change of MC above energies higher than 4 × 10 19 eV which are all given in the Tables (1a) and (1b). + (7.6 × 10 9 )
+ (2.8 × 10 10 )
A 1 = 2.2E7, t 1 = −9.6E18, 
Zenith angle distribution
The zenith angle distribution (ZAD) is indirectly another sensitive parameter for studying MC. The results of ZAD versus energy are shown in Fig.  4 indicating that ZAD is different for showers of two energy ranges: lower and higher than about 4 × 10 19 eV. The arrival direction differences were also shown in the latitude distribution of galactic and super galactic planes in the paper of Kermani and Fatemi (2011) in which there is a consistency between the arrival direction of Auger EAS events of energy above 50 EeV (exa electron volts) and super galactic plane which is not observed in the lower energy range (lower than 40 EeV), indicating different sources and MCs for lower and higher energies than 4 × 10 19 eV. Mikhailov et al. (2005) is also shown for comparison.
Fig. 4. The zenith angle distributions for energies smaller and greater than 40EeV. The distribution peaks for higher energies what is not observed for smaller energies. The result of
Muon size
The muon size of a shower is a qualitative and sensitive parameter to study MC of very high energy CRs. The results of two muon simulations are investigated: one is the simulation of Capdevielle et al. (2000) and the other is the simulation of Shinozaki et al. (2005) which are used for primary Gamma, proton and iron particles by using ρ μ (1000) (i.e. the muon density at distance of 1000 meters from the core). To compare the muon array data with the muon simulations of Capdevielle et al. (2000) , the muon size N μ of array data has to be calculated by using the two muon formulas as follows: Hayashida et al. (1995) 
where r = R Ro , R is core distance, and: c μ = 0.262 for R < 800 meters, c μ = 0.325 for R > 800 meters, β = 2.52, δ = 0.6, α = 0.75, R 0 = 0.66 for secθ < 1.1, LogR 0 = 0.58(secθ − 1) + 2.39 for 1.1 < secθ < 1.8.
(ii) Luczak et al. (2009) (Shinozaki et al. 2005) .
The comparison of the calculated fraction with the corresponding simulated fraction of ρµ(1000) (Ep)×10 −19 is shown in Fig. 6 which indicates an upper limit of 20% on primary photons.
CONCLUSION
It is shown that the parameters which are sensitive to the mass composition of UHECR (the age parameters, the muon size, and indirectly the zenith angle distribution) differ for primary energies below and over 4 × 10 19 eV, leading to the conclusion that the primaries with energies higher than this value are of a much heavier composition. The comparison of the observed and simulated fractions of primary photons leads to an upper limit of about 20% for the photon fraction what suggests the absence of photon candidates for events above 10EeV. The results do not support the top-down, non-accelerator model. Arrival directions of primaries with energies above (4 − 5) × 10 19 eV concentrate on the super galactic plane.
